In the past decade, numerous high-quality outcome measures have been developed to evaluate the effectiveness of a range of neurorehabilitation interventions. The field has seen two major approaches to developing such measures: (1) condition-specific outcome measures designed to be sensitive to the functional difficulties of particular populations, such as those with spina bifida or cerebral palsy; and (2) universal outcome measures designed to be applicable across diagnostic groups to allow comparisons. [1] [2] [3] In either case, establishing the validity of a tool for assessing neurorehabilitation requires ongoing investigations that systematically evaluate use with a range of clinical groups. 4 Validity is not a property of an instrument, but rather is confirmed through evidence regarding the meaning of instrument scores obtained from particular groups of respondents or participants. 5 In this regard, children and young people with autism are of particular clinical importance. Between 1997 and 2008 , the prevalence of autism increased fourfold. 6 Autism (autism spectrum disorder [ASD] ) is a neurodevelopmental disorder associated with functional difficulties in adaptive performance that continue into adulthood. A range of neurorehabilitation interventions can improve these outcomes for young people with autism, but measuring and documenting these outcomes depends on the availability of assessments that are valid for use with this population.
One criterion-standard assessment used in pediatric rehabilitation across diagnostic groups is the Pediatric Evaluation of Disability Inventory-Computer Adaptive Test (PEDI-CAT). 7, 8 The PEDI-CAT includes domains that align with the International Classification of Function, Disability and Health for Children and Youth (ICF-CY) domains of 'activity' (i.e. how the child performs activities in his or her usual daily environment), and 'participation' (i.e. capacity to manage life tasks during development towards adulthood). 9 The PEDI-CAT has been adapted for use with children and young people with autism; we refer to this version as PEDI-CAT (ASD). 10 Previous analyses have shown that the PEDI-CAT (ASD) domains function as unidimensional constructs with this population, as indicated by confirmatory factor analysis and item fit.
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Our research also indicated that performance on items of the Social/Cognitive domain is different for young people with autism and for other populations; 11, 12 therefore, the PEDI-CAT (ASD) software incorporates an equating technique to ensure that the criterion-based domain scaled score is a valid measure of a young person's performance, while remaining comparable to scaled scores for this domain obtained in other populations. 11, 12 Additional research is needed to establish whether or not the PEDI-CAT (ASD) yields stable scores when change is not expected to occur. Evidence regarding the relationship between PEDI-CAT (ASD) scores and scores from other criterion-standard assessments is also needed to determine how assessment instruments are related to each other and which may be better suited to answering particular research questions.
This study sought to add to the reliability and validity evidence for the use of the PEDI-CAT (ASD) by examining (1) whether or not scores obtained by the PEDI-CAT (ASD) are consistent across test-retest occasions; (2) whether or not PEDI-CAT (ASD) scores correlate as expected with the VABS-II scores, a widely-used parentreported assessment of adaptive function; and (3) parents' perceptions of the usability and appropriateness of the PEDI-CAT (ASD) and the VABS-II.
METHOD Participants
Parents of children and young people aged 10 to 18 years were recruited through local and national service, support, and advocacy groups for children with autism by means of flyers, electronic mailing lists, and website announcements. Eligibility was determined by email and was defined as positive responses to the following questions: (1) 'Do you and your child live in the United States?'; (2) 'Are you the legal guardian of a child age 10-18 years?'; and (3) 'Does your child have a diagnosis of autism/autism spectrum disorder?'. We aimed to recruit approximately 40 participants, which is sufficient for a reliability study. 13 A total of 39 mothers participated: 34 lived in urban or suburban settings, and all had some post-secondary education. The children ranged in age from 10 years, 3 months to 18 years, 10 months (mean age 14y 10m, SD 2y 8mo). The Social Communication Questionnaire was used to assess autism severity, with scores greater than 15 indicating a symptom severity that is associated with an autism diagnosis. In the present study, 16 children had a current score of more than 15, and 35 children had a lifetime score of more than 15.
14,15 Twenty-nine mothers completed the second PEDI ASD-CAT interview. Additional characteristics of the children included in the study are provided in Table I . The PEDI-CAT is a parent-reported computer-based assessment of functional performance for use with children and young people aged 0 to 21 years. 7 For this study, we assessed the following three PEDI-CAT domains using the 'Speedy CAT' feature: 'Daily Activities', 'Social/Cognitive', and 'Responsibility'. The 'Mobility' domain was not assessed for this study because it examines basic motor skills not typically affected in this population. For the Daily Activities and Social/Cognitive domains, parents rated their child's performance, using a four-point Likert scale, as 'unable', 'hard', 'a little hard', or 'easy'. Parents identified the most appropriate rating by considering their child's typical performance while using usual supports, such as alternative communication devices. The Responsi- • The social demands implied in items across multiple Vineland Adaptive
Behavior Scales (VABS-II) domains may explain the strong correlations between VABS-II and the PEDI-CAT (ASD) Social/Cognitive and Responsibility domains.
• The PEDI-CAT (ASD) may be better suited than the VABS-II instrument to addressing specific functional skills and the management of tasks essential for independent living.
bility domain assesses the extent to which a child takes responsibility for the management of tasks that support participation in life situations. Parents use a five-point rating scale to indicate the shift of responsibility for a life task, ranging from parents taking all responsibility, to shared responsibility, to the young person taking all responsibility. The scale reflects a child's ability to use strategies, such as seeking assistance or directing others, in order to accomplish life tasks. This analysis used the criterion-referenced domain scores that adjust for differences in relative item difficulty for the ASD population.
Vineland Adaptive Behavior Scales (VABS-II)
The VABS-II 16 are a widely used parent-reported measure of adaptive behavior. The VABS-II have been shown to have excellent reliability and validity and have been used extensively with heterogeneous groups of children with autism. 17 Thus, the VABS-II is a criterion-standard instrument and it is, therefore, appropriate to compare this measure with the PEDI-CAT (ASD). When completing the VABS-II for this study, parents first answered targeted screening questions to reduce the total number of items assessed. If no base or ceiling was reached using this approach, follow-up contact was made to retrieve responses for any additional questions. Raw scores for all domains were obtained; these raw scores are most comparable to the PEDI-CAT (ASD) criterion-referenced scores. All domains except the maladaptive behavior domain were assessed.
Both the PEDI-CAT (ASD) and the VABS-II instruments measure the performance of functional tasks; however, they differ in their conceptualization of the construct (see Table II 9 In addition, VABS-II items are rated using a frequency scale, whereas the PEDI-CAT (ASD) uses a difficulty scale. Finally, the PEDI-CAT (ASD) provides explicit directions to parents regarding unique behaviors secondary to autism symptomatology to ensure the use of a consistent frame of reference when selecting ratings. We hypothesized that these differing assessment characteristics would result in weak to strong correlations between PEDI-CAT (ASD) activity domains and some VABS-II domains (see Table II ). Because items in the Responsibility domain require young people to integrate and apply skills from the activity domains to the management of life tasks, we expected a relationship with all VABS-II domains. There is also a high content overlap between the PEDI-CAT (ASD) Responsibility and VABS-II daily living and socialization domains.
Procedures
Human ethics approval was received from the Boston University Institutional Review Board before any research activities were conducted. Eligible parents received a pack of materials including a demographic questionnaire about the child and the family context, the current and lifetime Social Communication Questionnaire, and the VABS-II questionnaire. Parents returned completed assessments by post. Parents then completed the PEDI-CAT (ASD). Typically, the PEDI-CAT (ASD) is completed by a parent sitting at a computer and directly entering responses. However, to allow us to recruit a national sample, we simulated this situation using screen-sharing technology and a telephone connection. Parents read the text on the computer screen and verbally indicated their scoring response, which was entered by the administrator; any additional information shared by parents when responding to an item was recorded by the administrator. The administrator read the text on the screen only at a parent's request and did not add additional information. The administrator recorded the total time taken to complete the PEDI-CAT (ASD). The administrator then asked parents follow-up questions regarding their impression of completing both the VABS-II questionnaire and the PEDI-CAT (ASD), and recorded their responses. For example, parents were asked to provide examples of irrelevant questions or questions that elicited meaningful information; they were also asked to indicate their preference of administration format. Parents completed the PEDI-CAT (ASD) a second time no more than 3 weeks after the initial assessment. The average amount of time between the first and second administration of the PEDI ASD-CAT was 12 days, with a range of 8 to 19 days.
Statistical analysis
To examine the reliability of the PEDI-CAT (ASD) domain scaled scores, we used an intraclass correlation coefficient (ICC) absolute agreement model (2,1). 19 The scaled scores are criterion-referenced, reflect a unique hierarchy of item difficulty for young people with autism, and are expected to be more sensitive to change. Therefore, it was necessary to establish the stability of these scores during a time when no change was expected.
Spearman's rank correlation coefficients were used to examine the strength of the relationship between the PEDI-CAT (ASD) and the VABS-II scores (i.e. evidence of concurrent validity). 20 Nonparametric correlation was used to ensure that extremely high or low scores did not disproportionally influence the results.
To investigate usability, parent responses to each openended follow-up question were organized into a Microsoft Excel file and grouped by common content; one illustrative quote was selected for each content category identified. The analysis was triangulated by a third reviewer, who reviewed all responses and generated a summary of the main ideas. The frequency of parent 'yes'/'no' responses to questions and the time spent on administration were also calculated.
RESULTS
The ICC values indicated excellent score reliability over the test-retest period for all PEDI-CAT (ASD) domains: the Daily Activities ICC value was 0.92, the Social/Cognitive value was 0.86, and the Responsibility value was 0.90.
The results showed both expected and unexpected relationships between the PEDI-CAT (ASD) and the VABS-II domains (Table III) . As expected, the weakest relationship was between the PEDI-CAT (ASD) Daily Activities domain and the VABS-II domains. However, the relationships between the PEDI-CAT (ASD) Social/Cognitive and Responsibility domains and the VABS-II domains were stronger than expected. To determine if the age and functional ability of our sample influenced these results, we replicated the analysis using the norm-referenced VABS-II domain standard scores. We found similar, although weaker, patterns of significant correlations between the two instruments.
Parent perceptions of the usability of the PEDI-CAT (ASD) and VABS-II are summarized in Table IV . Parents explained that using the computer was 'quicker' and 'more efficient', and most felt competent in their ability to use technology. The average administration time for the PEDI-CAT (ASD) was 12.8 minutes (SD 4min, range 7-26min). Parents preferred the computer-based administration format (67.5%) to a paper and pencil format (7.5%; 20% no preference). Answering on the computer was considered 'easier' because only one item is administered (appears on the screen) at a time, clicking is quicker than writing and turning pages, and the font size is adjustable. However, some parents liked the ability to add handwritten notes to the VABS-II questionnaire, which is not possible with the PEDI-CAT (ASD).
Most parents reported that the PEDI-CAT (ASD) items captured their child's current level of performance and function, and the level of assistance needed to complete activities. For example, a parent shared: 'My son presents very well so people are surprised he has a diagnosis. . . (PEDI-CAT [ASD]) was able to capture the supports he has in place and needs.' Some parents noted the ability of both the PEDI-CAT (ASD) and VABS-II instruments to simultaneously assess specific abilities and limitations. However, parents specifically used the term 'weaknesses' in reference to the VABS-II assessment three times, and one parent explained: 'I think the Vineland is good at focusing in on things he does very badly.' Parents valued the PEDI-CAT (ASD) questions addressing safety, life skills, and socialization, and the VABS-II questions addressing coping skills and socialization. Parents felt that the VABS-II (13 parents) and PEDI-CAT (ASD) (four parents) asked irrelevant questions because some items were not matched to their child's abilities or age. One parent described her concerns regarding irrelevant PEDI-CAT (ASD) items: 'because he is not sexually active . . . [and] only shaved once . . . hard to say how well he does it.' Similarly, a parent described the VABS-II as including 'a lot of things for infants and toddlers. My son is 18 and so I felt we could have skipped that whole beginning section.' Other parents echoed this idea and shared concerns that the VABS-II did not differentiate the abilities of their older children; this concern was not shared with regard to the PEDI-CAT (ASD). Some parents also felt that the directions for rating VABS-II items were unclear or that it was difficult to interpret the meaning of the items. These reports matched our observations of the amount of missing data on the VABS-II and the extensive follow-up required to obtain complete ratings.
DISCUSSION
The increasing prevalence of autism and the variety of behavioral, pharmacological, and neurorehabilitation interventions used with this population highlight the importance of having a range of high-quality measures to assess their effectiveness. Our findings suggest that the PEDI-CAT (ASD) is a reliable assessment that can feasibly be used by parents. In addition, while the PEDI-CAT (ASD) operationalizes the ICF-CY constructs of activity and participation, findings suggest that the PEDI-CAT (ASD) also assesses constructs that are related to the criterion-standard VABS-II. Thus, the PEDI-CAT (ASD) is an appropriate alternative to the VABS-II and may be better suited to answering certain research or clinical questions, including questions about specific functional domains and the management of tasks essential for independent living.
The relationships between the PEDI-CAT (ASD) and the VABS-II domain scores highlight the overlap and unique qualities of each assessment. The weak relationships between the PEDI-CAT (ASD) Daily Activities scale and the VABS-II domains provide evidence for the PEDI-CAT (ASD)'s unique approach of distinguishing the functional performance of practical living skills from the social and communication demands often associated with such tasks. Conversely, we found stronger relationships, some stronger than expected, between the PEDI-CAT (ASD) Social/Cognitive domain and all VABS-II domains. Although the PEDI-CAT (ASD) rating scale accounts for young people who communicate using alternative methods (e.g. by using alternative communication devices or gestures) while the VABS-II does not, the impact of this conceptual difference on the resulting assessment scores may have been obscured in our sample which contained young people who were older and had some verbal communication skills. Furthermore, many VABS-II items, including those in the daily living skills and socialization domains, indirectly require communication and interpersonal skills. 18 We underestimated the impact that these communication requirements embedded within the VABS-II domains would have on the association of VABS-II with the PEDI-CAT (ASD) Responsibility scores. Many Responsibility items require young people to negotiate with others or seek information and resources to manage life tasks; these underlying communication demands may explain the PEDI-CAT (ASD) Responsibility domain's strong relationship with the VABS-II domains.
Our usability findings suggest that in research and clinical situations in which it is advantageous to collect independent parent reports, the PEDI-CAT (ASD) may be the preferred tool. Without an interview, parents had difficulty completing the VABS-II form, but parents could easily complete the PEDI-CAT (ASD) in a short period (12min on average) without administrator clarification. While the PEDI-CAT (ASD) and VABS-II items ask about similar content and skills, the response categories used in the two assessments are very different. The VABS-II ratings are used to describe the frequency of performance, while the PEDI-CAT (ASD) ratings are used to describe the quality of performance. Asking parents to quantify the frequency of their child's performance may be particularly challenging with regard to children with autism, whose performance often varies depending on the particular context and day. Furthermore, children may do something often, such as get dressed, but with great difficulty or support; thus, a 'usually' response on the VABS-II may not always match the parent's assessment of their child's abilities. Conversely, the PEDI-CAT (ASD) rating categories that incorporate the effort, time, and support needed may be perceived as a better description of a child's actual skills when measuring outcomes in pediatric neurorehabilitation.
This study also provided insight into the frame of reference that parents may use when reporting on their child's functional performance. 12 The PEDI-CAT (ASD) software 'speedy' option selects the next item to assess based on the relative difficulty of the previously assessed item and the parent response to that item. However, it appeared that parents often evaluated the appropriateness of each PEDI-CAT (ASD) item based on their child's age, not function. For example, when the software assessed an item depicting a more difficult task, parents often commented that the item was not age-appropriate, even though the response to the previous item suggested that the child may have a higher than expected overall ability level and may be able to perform a more difficult task. Conversely, when the software assessed an item depicting an easier functional task, because the response to the previous item had suggested that the child had a lower than expected overall level of ability, parents described the assessed task as appropriate for their child's age.
Many assessments do administer and organize items developmentally by the age at which children without disabilities typically acquire specific skills. Familiarity with such formats may shape parents' understanding of the meaning of a functional assessment. Since all VABS-II items are presented in an age-referenced order, this may explain why some parents felt the VABS-II identified their child's weaknesses; that is, parents could easily see if their child was unable to perform tasks typically mastered by younger children. Alternatively, the PEDI-CAT (ASD) conceptualizes items in each domain along a developmental continuum from more to less difficult. This continuum is not based on age, but, rather, it is based on underlying functional ability. Organizing functional assessments using this general, rather than age-specific, developmental continuum could potentially change parents' interpretation of their child's abilities. The field of pediatric neurorehabilitation could benefit from additional research exploring the factors that affect parents' selection and interpretation of responses to functional outcome assessments. 21 Such inquiries are needed to determine whether or not these factors threaten the validity of the responses, and the types of assessment formats that best protect against such threats.
These findings are based on a relatively small, convenience sample comprising relatively old and highly functioning young people with autism. Furthermore, the requirement for parents to verbalize their answers, rather than directly selecting the rating, may have affected their responses. Because the sample size was small, the study should be replicated in the future with larger, heterogeneous, and more diverse groups of children with autism. In addition, future research should explore the sensitivity of the PEDI-CAT (ASD) for the detection of change in clinical populations after interventions and for discriminating between children with different levels of functional abilities; past research suggests that the PEDI-CAT has the capacity to discriminate between young people with and without autism and other disabilities. 13, 22 Our preliminary results suggest that the PEDI-CAT (ASD) is a reliable and valid measure of functional performance for children and young people with autism. Parents report that the PEDI-CAT (ASD) can be easily completed in a short time to assess their child's strengths and needs. The PEDI-CAT (ASD) may be a valuable outcome measure for neurorehabilitation interventions and research aimed at investigating the ICF-CY constructs of activity and participation in children and young people with autism.
